The border of each thymus was contoured in every tenth section, using a drawing set, from the first section containing the anterior tip of the organ towards the posterior end. Then, using a planimeter, the areas within such borders were measured. From these data, the relative value of the volume of the thymus was calculated. The same procedures were repeated for the organ on the other side of the fish.") Counts of total thymocytes and of thymocytes with mitotic figure were made on 3-5 sections for each thymus under an oil immersion, and mitotic index was obtained from these data.
RESULTS

The thymus o f the unirradiated fish
In the control fish, the thymus had well developed; the organ consisted of two lobes, the anterior and posterior lobes. Each lobe had a light zone (medulla) and a dark zone (cortex). The cortex was packed with thymocytes, while the medulla contained thymocytes scattered among larger reticular cells. The cyto plasm of a reticular cell was generally stained light, and its nucleus was large in size, round or oval in shape.) Mitotic index of thymocytes in the unirradiated (control) fish was about 4.4% (Fig. 1) . Thymus size became larger on day 10 than day 0 (Fig. 2) , suggesting that, during the experimental period, thymus volume had shifted somewhat to a larger value.
Effect o f irradiation on fish survival
The fish exposed to 4 and 8 kR showed a high mortality rate and all animals died within 10 days post-irradiation. The dose-survival relationship of this species has already been published") and the LD50/30 at 25°C is about 2.5 kR.
Change in mitotic index after irradiation
The time-course changes in mitotic index of the thymocytes in the fish irradiated with different doses are shown in Fig. 1 . Irradiation with 10 and 25 R did not cause any significant change in the mitotic index. However, at a dose of 100 R of 7-rays, a marked decrease in the mitotic index took place on the first day post-irradiation, which was followed by a sharp increase (an over sheet) in its value at 3 days after irradiation. This increase following the de . The thymus volume is ex pressed in its relative value. The mean value of the thymus volume of each group is ex pressed with its standard error. Each point represents the data of six thymuses examined in three fish. The value for the unirradiated control group is expressed by (X).
Change in thymus volume after irradiation
The results of the volume measurement of the thymus are shown in Fig. 2 . All groups irradiated with the doses between 1 kR and 8 kR exhibited a sudden drop in the thymus volume on the next day of irradiation. Those of 100 and 200 R showed the same phenomenon clearly on day 3. A gradual recovery from this sudden decrease was later observed for those groups of 100 R 2 kR; in these groups, at 10 days after irradiation, the volume reached almost the same value as that of the control group. With 4 and 8 kR, the continuous degeneration of thymus was observed till 5 days post-irradiation. Histological observation of the thymus in the irradiated fish
No marked histological changes were observable, during 10 days of experi ment, in the thymus irradiated with 10 and 25 R. On day 1, the thymuses irradi ated with 100 and 200 R were still normal in histological appearance, although at this time the value of mitotic index had already been reduced. A marked loss of thymocytes could be seen on day 3. On day 5, active regeneration was im pressed in the peripheral zone of the thymus, where mitotic cells were frequent. Through the active division in thymus itself, small round thymocytes were in creasing in number, leading to partial reconstruction of zonal structure, namely differentiation of thymus into dark and light zones. This zonal distinction be came more prominent on day 10.
In the thymus exposed to 1 or 2 kR, on day 1, thymocytes were destroyed in a great number and the thymus histology showed an increase in connective tissue elements. On day 3 and day 5, the histological picture was essentially like that observed on day 1, and thymocytes were not yet enough in number for reconstruction of the zonal structure of the organ.
The thymus of the fish irradiated with 4 and 8 kR, showed the severe in volution on the next day of irradiation. No mitotic figures were seen. Connective tissue elements occupied most part of the organ converting it into fibrous mass , in which the distinction between dark and light zones was completely lost due to a massive degeneration of thymocytes.
Up till 5 days post-irradiation, no histological sign of regeneration wsa detected.
DISCUSSION
So far, few works have been done on radiation effects on fish thymus , such as in Poecilia formosa12) and in Oryzias latipes.8-10) The present experiment presented an overall picture of the change in the volume of fish thymus with time after irradiation, together with the mitotic activity of thymocytes. The results showed a clear dose-dependent effects both on thymus size and on the mitotic activity of thymocytes.
We have already observed that the thymus of the fish Oryzias latipes , of both sexes, is affected by season. The thymus reaches its lowest volume during the winter months and exhibits its largest value during late spring. The thymus size, then, shows a little decrease in late summer followed by a small increase in fall. Age-related change of thymus volume was also prominent ." Although all the experiments were performed at the same period (the early part of Sep tember), using the male fish of the same age, well accliminated to the room temperature, the unirradiated (control) thymus showed a little shift in its volume during the experiment (Fig. 2) . Even in a short term of 10 days, several factors such as temperature, illumination, and others related with breeding conditions, may have affected the thymic activity of the fish.
In mammals, several investigators have observed a biphasic pattern of thymic regeneration as measured by changes in thymic weight and in cell numbers. After sub-lethal dose of whole-body irradiation with X-rays, thymic cell number decreases rapidly between day 2 and 4, subsequently increases to normal value around 2 weeks after irradiation. Then, there is a second decrease during the third week, which is eventually followed by the final recovery at about a month post-irradiation.'4, 15) The present experiment in fish thymus did not extend the observation beyond day 10 and could not deal with the problem of the existence of this second phase of response, which is, in mammals generally ascribed to an insufficient inflow of precursor cells from the marrow and its recovery.' 14-16)
The origin of the precursor cells of the thymus which effects the intial phase of thymic regeneration after whole-body irradiation still remains uncertain. In the present experiment in fish, even with the dose of 2 kR, a clear repopula tion of precursor thymic cells are taking place, exhibiting mitotic figures in thymus. If these cells had existed in thymus and survived after the irradiation, there should be a radiation-resistant stem cell population in fish thymus itself. This possibility has also been implied from our previous work on embryonic thymic stem cells in the same species.10)
